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Falls, Cognitive Function, and Balance
Profiles of Singapore Community-Dwelling
Elderly Individuals: Key Risk Factors
Mei Teng Woo, Msc1,2 , Keith Davids, PhD3, Jarmo Liukkonen, PhD1,
Jia Yi Chow, PhD4, and Timo Jaakkola, PhD1
Abstract
Objective: This study compared occurrence of falls, cognitive function, and balance profiles across participants in elderly age
categories, investigating associations between the 3 aspects in a sample of Singapore’s elderly population.Method: Community-
dwelling elderly individuals (N¼ 385) were randomly recruited and grouped into “young-old (65-74 years),” “medium-old (75-84
years),” and “oldest-old (above 85 years)” groups. The Fallproof Health and Activity questionnaire, adapted Mini-Mental State
Examination (MMSE), and Berg Balance Scale (BBS) tests were used to survey information related to falls, cognition, and balance
profiles. Results: Findings revealed significant differences in MMSE and BBS scores across the age groups. Participants with mild
cognitive impairment (odds ratio [OR]¼ 1.87, 95% confidence interval [CI]¼ 1.08-3.25) and BBS score40 (OR¼ 0.25, 95% CI
¼ 0.14-0.46) were at the highest risk of falling. Conclusion: Community-dwelling elderly individuals with subtle cognitive
impairment and BBS scores 40 displayed an increased risk of falling.
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Introduction
Falling is a common public health problem for elderly individ-
uals and is the fifth leading cause of death.1,2 In Singapore,
Chan and colleagues3 found that 17.2% (N ¼ 3000) of the
elderly population experienced at least 1 fall a year. In 2009,
the National University Hospital of Singapore reported that
85.3% of the elderly peoples’ injuries that required help in the
emergency department were due to falls.4 Based on data from
the Singapore National Trauma Registry, a recent study by
Wong et al5 found that more than 88% of elderly patients
experienced falls between 2011 and 2013.
Cognitive functioning and balance abilities are 2 primary
factors for falls.6 To date, fall risk is closely related to severe
cognitive impairment in elderly individuals who have demen-
tia.7 Often, falls management programs and guidelines are
directed toward this group of elderly individuals.7 However,
it is possible that a subtle decline in cognitive functioning can
contribute to postural instability8 and increase the risk of fall-
ing.9 The association between cognitive functioning and fall
risk arises from the perspective of aging of the frontal cortex
and the changes in white matter of the brain.10-12 Subtle
changes in cognitive functioning might lead to poor judgments
and decision-making13; declines in executive function, atten-
tion, and processing speed10,12; and decrements in verbal rea-
soning and ability,14 which could increase the risk of falling.
This may become a particular problem when individuals with
mild cognitive impairments may need to engage in dual tasking
in everyday life (eg, when talking and climbing up a staircase
or navigating an uneven surface on the road). Hence, the early
detection of subtle cognitive impairments might help health
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practitioners to better identify the degree of fall risk in
community-dwelling elderly people.
On the other hand, balance impairment has been recognized
as a major risk factor for falls in older people.15,16 Research has
demonstrated that lack of ability in balance control is associ-
ated with a higher risk of falling.15,17,18 Deterioration in biolo-
gical systems, such as declines in sensory system capacity,
neurological functioning, and motor functions and increased
reaction time in elderly populations, causes delays in stabiliza-
tion of control systems, which could contribute to postural
instability and falls.19,20 It is also possible that cognition plays
a key role in balance regulation in older adults, where the motor
and sensory systems are integrated through higher order neu-
rological processes.8 Tangen and colleagues found that a
decline in balance ability was associated with increasing sever-
ity of cognitive impairment.21 Therefore, we sought to under-
stand whether a similar linear association existed between
cognitive function and balance abilities in a community-
dwelling elderly population in an Asian community.
Cognitive functioning and balance abilities have been com-
monly tested by researchers to predict fall risk, especially in
elderly people with severe cognitive impairment and neurolo-
gical conditions such as multiple sclerosis and Alzheimer dis-
ease.8,11,22,23 However, studies examining falls, cognitive
function, and balance profiles of a community-dwelling elderly
population and the association between these 3 aspects are
scarce in Asia. This study sought to contribute to the literature
by researching the relations between these 3 phenomena in
different categories of elderly people in an Asian population.
The primary aims of this study were to (1) compare occurrence
of falls, cognition, and balance profiles across people in elderly
age categories; (2) investigate the association between the 3
aspects; and (3) provide suggestions for the development of
simple screening interventions in a sample of Singapore’s
elderly population.
Method
Participants
A total of 385 community-dwelling, elderly individuals (65
years and above) were recruited randomly from Singaporean
communities. Recruitment e-mails were sent to senior activity
centers, government organizations, and social development
groups across Singapore. Based on Singapore’s Department
of Statistics (2007), the age groups of the elderly people were
identified as “young-old (65-74 years),” “medium-old (75-84
years),” and “oldest-old (above 85 years)” in this study.24
Ethics approval was sought from the ethics committee of the
Nanyang Technological University, Singapore. Informed con-
sent was obtained from all participants, and procedures used in
the study were in accordance with ethical guidelines. Specific
inclusion criteria were ability to walk independently, either
with or without any assistive device, and freedom from diag-
nosed cognitive dysfunctions (eg, dementia and Alzheimer dis-
ease). Exclusion criteria were history of severe rheumatic
arthritis, neuropathy injury, recent stroke events (<18 months),
brain injuries, and diagnosed cognitive dysfunctions.
Procedure
A complete testing session included a 20-minute semi-
structured interview based on material from the Fallproof
Health and Activity questionnaire,18 Mini-Mental State Exam-
ination (MMSE) adapted from Folstein et al,25 and Berg Bal-
ance Scale (BBS) test.15 For the interviews, each participant
was required to complete the questionnaire (Fallproof Health
and Activity) either via an informal interview with the
researcher or independently. The MMSE test was used to assess
cognitive functions as the test is used to quantitatively assess
the severity of cognitive impairment and documents cognitive
changes occurring over time.26 There were 3 categories of
cognitive function levels—no cognitive impairment (>24),
mild cognitive impairment (18-23), and severe cognitive
impairment (<17).26 The MMSE had a high test–retest level
of reliability (r ¼ .83) in assessing cognitive functioning in
elderly populations.25 An updated comprehensive review
found that the reliability coefficient ranged between 0.64 and
0.97 for the sample populations aged between 58 and 86 years
old.26 The cutoff score of <24 showed sensitivity levels of 0.63
and a specificity of 0.96 in predicting the risk of cognitive
impairment.27 The BBS is a commonly used subjective assess-
ment tool used globally in predicting falls among elderly peo-
ple.15,28 The BBS had high reliability (r  .75) in assessing
balance abilities in elderly people.15,28,29 The sensitivity and
specificity of the BBS test were high in predicting the risk of
falls in elderly persons.20,30,31 Lastly, the BBS was adminis-
tered, a scale consisting of 14 subtests, with each subtest scores
ranging from 0 to 4, performed in a standard order (Table 1) to
measure functional abilities and balance. The maximum score
for this assessment is 56. The categories were low risk of
falling (41-56) and increased risk of falling (40).31
All interviews were conducted in accordance with the pre-
ferred language (eg, English, Mandarin, Malay, and local
Table 1. Berg Balance Scale Items.
Item Description
1 Sitting to standing
2 Standing unsupported
3 Sitting unsupported
4 Standing to sitting
5 Transfers
6 Standing with eyes closed
7 Standing with feet together
8 Reaching forward with an outstretched arm
9 Object pick up from floor
10 Turning to look behind (twisting)
11 Turning 360
12 Placing alternate foot on stool (stepping)
13 Tandem standing
14 One leg standing
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dialects) used by the elderly participants to ensure adequate
understanding of questions and provision of accurate informa-
tion. Researchers were competent in speaking each partici-
pant’s preferred language. All testing sessions were voice
recorded for further analysis and clarification. Two short
breaks were provided for participants during the testing ses-
sion: after the questionnaire interview and after the MMSE test.
Statistical Analysis
The Statistical Program for Social Sciences software version
22.0 was used for statistical analysis. For all outcome mea-
sures, between-group differences in mean change were ana-
lyzed by using a nonparametric test—Friedman test. Post hoc
testing was performed using a Wilcoxon signed-rank test when
the Friedman analysis of variance resulted in a statistically
significant outcome (a value set at P < .05). Results were
reported as means + standard deviation (SD) for the
descriptive data and z score (z) and Wilcoxon (W) for the
Mann-Whitney (U) test. Binary logistic regression was used
to estimate the odds ratios of risk factors associated with falls.
Spearman correlation test was used to identify the correlations
between MMSE and BBS scores in the 3 age categories.
Results
Table 2 shows the sociodemographic characteristics, cognitive
assessment levels, the risk of falls, and medical conditions in
young-old, medium-old, and oldest-old groups. The ethnicity
distribution of the 385 participants was as follows: 69.9% were
Chinese, 26.2% were Malay, 3.1% were Indian, and 0.8% were
others. The distribution was close to the national ethnicity dis-
tribution in Singapore: Chinese (74.3%), Malays (13.3%),
Indians (9.1%), and others (3.2%).32 Regarding gender distri-
bution, there were 246 females and 139 males for this study;
83.7% (n ¼ 206) of females and 71.9% (n ¼ 100) of males had
Table 2. Demographics of the Participants.a
Characteristics Young-Old (n ¼ 212) Medium-Old (n ¼ 146) Oldest-Old (n ¼27) P Value
Age, mean (SD) 69.63 (2.97) 79.14 (2.95) 88.22 (2.91) <.001
Height, m, mean (SD) 1.56 (0.08) 1.53 (0.08) 1.51 (0.07) >.05
Weight, kg, mean (SD) 60.56 (11.05) 54.10 (9.82) 51.44 (9.58) <.001
BMI, mean (SD) 25.17 (4.98) 23.21 (3.94) 22.45 (3.65) <.05
MMSE scores, mean (SD) 22.51 (5.03) 21.18 (4.88) 17.93 (5.04) <.001
BBS scores, mean (SD) 47.37 (7.82) 45.12 (7.72) 40.74 (6.97) <.001
Amount of exercise (days/week), mean (SD) 2.1 (2.7) 2.3 (2.7) 1.3 (2.2)
Gender, n (%)
Male 81 (38.2) 52 (35.6) 6 (22.2)
Female 131 (61.8) 94 (64.4) 21 (77.8)
Ethnicity, n (%)
Chinese 132 (62.3) 112 (76.7) 25 (92.6)
Malay 71 (33.5) 30 (20.5) 2 (7.4)
Indian 4 (1.9) 0 (2.7) 0 (0)
Others 5 (2.4) 4 (0) 0 (0)
Medical conditions, n (%)
Hypertension 136 (64.2) 83 (56.8) 17 (63)
High cholesterol 102 (48.1) 73 (50) 12 (44.4)
Diabetes 53 (25) 46 (31.4) 9 (33.3)
Falls in the past 1 year, n (%)
Yes 58 (27.4) 40 (27.4) 9 (33.3)
No 154 (72.6) 106 (72.6) 18 (66.7)
Assistive device used in walking, n (%)
Yes 38 (17.9) 45 (30.8) 13 (48.1)
No 174 (82.1) 101 (69.2) 25 (51.9)
Education, n (%)
6 years of education 147 (69.3) 134 (91.8) 25 (92.6)
>6 years of education 65 (30.7) 12 (8.2) 2 (7.4)
MMSE categories, n (%)
No cognitive impairment (24 scores) 100 (47.2) 56 (38.4) 5 (18.5)
Mild cognitive impairment (18-23 scores) 75 (35.4) 57 (39.0) 8 (29.6)
Severe cognitive impairment (17 scores) 37 (17.5) 33 (22.6) 14 (51.9)
BBS categories, n (%)
Low fall risk (41-56 scores) 183 (86.3) 122 (83.6) 15 (55.6)
Increased fall risk (40 scores) 29 (13.7) 24 (16.4) 12 (44.4)
aN ¼ 385.
Abbreviations: BBS, Berg Balance Scale; BMI, body mass index; MMSE, Mini-Mental State Examination; SD, standard deviation.
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less than 6 years of education. Nonparametric testing revealed
significant differences in weight, BMI, MMSE, and BBS
scores across the 3 age groups (P < .05). The males displayed
significantly higher scores on both MMSE (U ¼ 13 560.50, W
¼ 43 941.5, Z¼3.379, P < .05) and BBS tests (U¼ 13 459.5,
W ¼ 43 840.5, Z¼ 3.473, P < .05; Table 3). A higher per-
centage of fall incidents was observed in the oldest-old group
compared to the other 2 groups. It was observed that the pro-
portion of community-dwelling elderly individuals using an
assistive device when walking increased with age.
Table 4 shows the risk factors for falls and cognitive impair-
ment levels. Risk of falling was significantly higher in those
who had mild cognitive impairment and with BBS scores at and
below the cutoff of 40.
Overall, a moderate Spearman r correlation value (r¼ .485,
P ¼ .000) was found between MMSE and BBS. A significant
moderate relationship was also determined between MMSE
and BBS in young-old (r ¼ .467, P ¼ .000) and medium-old
(r ¼ .502, P ¼ .000) groups (Figure 1). However, no relation-
ship was found between MMSE and BBS scores in the oldest-
old group.
Discussion
The aims of this study were to (1) compare occurrence of falls,
cognition, and balance (2 primary implicated factors) profiles
across elderly age categories; (2) investigate associations
between them; and (3) provide suggestions for the development
of simple screening interventions in a sample of Singapore’s
elderly population. In this screening of Singapore community-
dwelling participants, it was observed that elderly individuals
had significant declines in cognitive functioning and balance
abilities between young-old (65-74 years old) and oldest-old
(>85 years old) groups. Mean MMSE scores showed that the
level of cognitive function was classified as mild cognitive
impairment, for both genders, but especially in females, in all
3 groups. The oldest-old group had a higher percentage of fall
incidences, higher risk of cognitive impairment, and increased
risk of falls, compared to the younger 2 groups. The risk factor
analysis showed that mild cognitive impairment and balance
scores 40 were associated with falls. Last, we found a mod-
erate correlation between MMSE and BBS scores in the young-
old and medium-old age groups.
The findings showed that both cognitive functions and bal-
ance abilities significantly declined as people aged. In line with
the outcomes of other studies, the current finding also indicates
that community-dwelling elderly individuals with mild
Table 3. Gender Comparisons of MMSE and BBS Scores.
Overall Gender Comparisons
MMSE BBS
Male 23.4+ 5.1 47.5+ 7.9
Female 22.0+ 4.9a 45.2+ 7.8a
MMSE Score According to Age Groups
Young-Old Medium-Old Oldest-Old
Male 23.4+ 5.1 22.4+ 4.2 18.0+ 6.8
Female 22.0+ 4.9a 20.5+ 5.1a 17.9+ 4.6
BBS Score According to Age Groups
Young-Old Medium-Old Oldest-Old
Male 48.5+ 8.1 46.3+ 7.7 44.8+ 3.8
Female 46.7+ 7.6a 44.5+ 7.7 39.6+ 7.3
Abbreviations: BBS, Berg Balance Scale; MMSE, Mini-Mental State Examination.
a Significant difference from male participants.
Table 4. Independent Risk Factors for Fall and Cognitive Impairment
Levels.
Binary logistic regression: Odds Ratios (OR) and 95% Confidence
Intervals (CIs) for Fall
Characteristics B (SE) OR 95% CI P Value
MMSE categories
No cognitive
impairment
(24 scores)
1 Reference
Mild cognitive
impairment (18-23
scores)
0.63 (0.28) 1.874 1.080-3.250 <.05
Severe cognitive
impairment
(17 scores)
0.32 (0.32) 1.376 0.730-2.59
BBS categories
Low fall risk (41-56
scores)
1 Reference
Increased fall risk
(40 scores)
1.370 (0.306) 0.254 0.14-0.463 <.001
Abbreviations: BBS, Berg Balance Scale; MMSE, Mini-Mental State Examination;
SE, standard error.
Figure 1. Spearman correlation between MMSE and BBS scores of
the 3 age categories—young-old, medium-old, and oldest-old. BBS
denotes Berg Balance Scale; MMSE, Mini-Mental State Examination.
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cognitive impairment9,13,33,34 and balance impairment20,31,34
were most at risk of falling. From the aging perspective, dete-
riorating speed of cognitive function, a decline in attention and
executive function (eg, slow response inhibitions and judgment
errors), and declines in sensory systems, due to the aging of the
frontal cortex, could be the biggest factors for an increased risk
of falling.7,10,18 Furthermore, cognition plays a vital role in the
balance regulation in older adults.8 The decline in cognitive
function observed might explain the increased risk of falling
in this sampled population.
The results of our study have shown that Singapore’s
community-dwelling elderly individuals display subtle
declines in cognition (mild cognitive impairment), with func-
tional performance below the average scores found in other
studies, of similar age groups, conducted in the United States,
Japan, Korea, Brazil, China, United Kingdom and Turkey.35 It
is plausible that the low education level of the majority of
participants in the sampled groups contributed to the subtle
decline in cognitive functioning, as education is one of the
primary protective mechanisms for cognitive impairment.34
This assumption on the role of education in cognitive impair-
ment is supported by data of Seeman et al,36 who found that
highly educated groups were less likely to exhibit cognitive
impairment in a group of elderly individuals, aged 70 to 79
years old. Albert37 suggested that low levels of education relate
to cognitive declines based on the fact that effects of education
on the increment of synaptic density in the brain in the early
stages of life could delay the appearance of cognitive declines
in old age. Eggenberger et al38 suggested that an intervention
exercise that combined cognitive and motor training (eg, inter-
active cognitive motor video game dancing) improved cogni-
tive function of older adults. Hence, clinicians and health
practitioners could consider the alternative solutions/interven-
tions exercises suggested by Eggenberger et al38 to tackle
health-related issues on falls, balance, and cognitive deteriora-
tion and impairment.
The current findings suggest that the results from the MMSE
and BBS tools could be used to predict the risk of falling. The
use of the MMSE test tool to predict falls has displayed mixed
results.8 Muir et al8 suggested that MMSE scores at and below
26 were strongly associated with the high risk of severe fall-
related injury. Mirelman et al7 and Mitchell39 concluded that
the MMSE test tool was not strongly associated with fall risk
among community-living older adults. In contrast, our results
supported the findings of Gleason et al,9 which suggested that a
decrease in MMSE scores was associated with elevations in the
rate of falls. We found that subtle cognitive deficits can
increase the risk of falls. On the other hand, the BBS tool
produced the highest sensitivity in predicting falls in indepen-
dent functioning, community-dwelling elderly individuals.30,31
However, Muir et al16 found that the BBS tool, with the cutoff
value at 45, failed to identify people at a high risk of falling
(multiple falls). They suggested that the use of a scale cutoff
point of 45, suggested by Berg et al,15was inadequate to predict
future falls. Our study adopted a cutoff point of 40 and it
seemed to have a predictive value for risk of falls.30,31 Thus,
it is suggested that the BBS test tool, with a cutoff point of 40,
could be adopted by health practitioners as part of an initial
simple screening assessment procedure for the community-
dwelling elderly population in Singapore. Further analysis of
correlations between MMSE and BBS test scores indicated a
moderate relationship in young-old and medium-old groups.
This finding suggests that a decline in cognitive ability might
have led to a decrease in balance performance, suggesting that
clinicians and health practitioners of Singapore could adopt the
BBS test as a baseline screening tool to identify potential cog-
nitive impairment in the young-old and medium-old groups.
One limitation of the study was the self-reporting of fall
incidences, with a possibility of underreporting by the older
participants. The major implication of this study is that health
professionals could use the MMSE and BBS tests as predictors
for falls in elderly individuals, aged below 85 years. Health
professionals might need to explore ways to decelerate dete-
rioration in cognitive function and develop strategies for fall
prevention, especially in the oldest group. These strategies
could include activities for elderly people to engage the brain
and enhance nervous system function. These could include
balance and mobility exercise training, use of problem-
solving and perceptual awareness activities, cognitive and
memory games, and discussion of health education and home
safety guidelines. Among elderly individuals, we noted a mod-
erate relationship found between cognitive decline and the risk
of falls, and either test could be used as a simple screening tool
to incorporate in a routine primary care assessment in Singa-
pore, with further evaluations needed in other South East Asia
(SEA) countries.
Conclusion
In conclusion, findings revealed that participants older than 85
years had the highest number of fall incidents, combined with
mild impairments displayed in the cognitive and balance
assessments. Balance ability and cognitive functioning levels
were the biggest risk factors for falls. A significant moderate
relationship was determined between MMSE and BBS tests in
the young-old (65-74 years old) and medium-old (75-84 years
old) groups. This relationship indicates that the MMSE and
BBS tools could be incorporated into a routine primary care
assessment in Singapore. Future studies could examine and
evaluate the use of the MMSE and BBS tests in other SEA
countries.
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